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^0030029761 #^ 2004/2/20 

^ .£=4!* il^Rr e^^m *}<&$\s.^ Ulster vfl-¥- S3 t 

48 s]s.7> 7iH€^. ^ofl tfl«. t ^ ais:^ Ji^^>^ *1<£ 

33.* ^«]*Hr iflJf ^ #^ ^llf ^*>^l, ^"71 S]JjL #^ Aljro} 

SM9€ 71^ #Sj a]Jl^ ^ *>7> i^S] $LX\ fi$H e^th nfl^l 
^ej^j7 ( zl ifl«- A]Jr§ #^*Rr ^^5] Soil oloH , *Hs| 

3 ^1^1- ^^]^ #^*Vcf. ^#S]7> ^1^5]^^ tfl^- ^*}J1 ^ 

51 -2.5.35 "4ef 4^ alM-ilM-* Hll-em ^^S^b afl^Ai 

-8-#*H 71^ ji-f 5)1^ ^sH| tfl^ ^>o] e ^ ^.^-o) ul o.^. ^^a]^ 

#^*Vcf. ^6\) ^a. Aisfil 3^ ^H^* Ji^b el^eM *1£313.» ^ 

«l*Rr vfl^- #3 ^5 -E.JE.sq efl^-g- ^^Al^ &)#Sl7> *]<£5j^ ^l^A] 

S. 4 
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^H-r- #3 3# J±#*rfe- Bl#e1?> *]<££|5.» ^«l*Hr vfl^- #e} 

3}.3.{The internal clock generation circuits with a replica delay circuit capable of 
compensating phase offset of internal clock signal} 

£ l£ ^^^^1 vflJf *M «b£*l| ^]S.e) *\)o)&\ ^ 33. 

£ 2^ ^7}^o\) 4^ ifl-^- #^ ^ s]^o) ^«.o] Bi^sis.^, eji-el7> ^l^sls, 

* «]r£^ nfls.^ ^jo] «a^-o] C-flolEi l+Ej-ifl^r M.^. H o]cf. 

£ 3a^r £ 2ofl »H3E|^-# ^1*1 q-E}-^^ s]5.£olcf. 

£• 4^r -g- <£^X\6\}6\) rtf^- iflJf -^5} ^ 5]^^- <£j£*ll nflS.^ ^ ^«.o] 

51 5^ JE 4°fl JEAl^ ^2 ^#^7f *l<£^<2f 5|2]St M-Efvfl^ £ 

51 7a ^ 51 7t>Tr £. 4ofl 51^ oabo] ^ a]-^ q-Ej-iflfe- &H^*K^°14. 
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< 9 > x^is.^ ^ slsofl ^1, ^-¥- # 

aj ^Jl^l ^ ^-H^ JjL^SRt ell- el ^(replica) *l<3slJLl- ^wlSRf iflJf ^ s| 
Sol] ^rtb 

<io> ^>3E.*n *flS.e| ^ls+ ^e^-^^-o) c^joiB] ^1^4 #3 ^4 

^ ^7l<5H ^olE^l- ^S>fe 1/0 $lB|*Mi Hj-AloflA^ B^o} «.^ 7 > ^^J7 ^ ^4 
tej-^joj) 4^ #^4- *\)o}B\7\ ^^-tb -§-7)1- ^o] ofl-f f^>l}. 

<11> ^, e|ME]7> #^°1 ofl^l ^o. ^j Elo] | §>7l ^*fl, dlo)Eil- 

^ ^-¥-#3 H5HJ3S7} A>-g-^4. oje^ iH^S^r -§-7] ^H(phase locked 

loop, °l*h PLL^e} f-) SE^ ^1<$! -g-71 ^-HCdelay locked loop, <>1*>, DLL°] e} 
* ^ $m. DLLS. t^JslSf Sf-^Rr «KE*fl °fl2-S] #*13 «J«fl7> nl^g- 

*ll 2002- 159325 J^l ^flsH ^cf. iEtF, #7^ DLLS ^S)^- ifl-f#3j ^ v 

^2]S.S1 «Jofl 7 > £ lofl SAl^Cf. £ 1^ ojtiV^<?l ^-T" 1^3 SlSSq- ti>£^l t^lS-Bl 

<12> £ loflAi, vfl«-#^ ^35.(10)^ 7>^ ^l^SlSdl), ^35.(12), 21^1- 

S(13), ^ ^^#71(14)1- 3L^-*Rt DLLS ^^i}. 
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<i3> #7l vfl^-#3 ^35(10)^ ^ #3 ^l^(EXCLK)^ 71^ #^ 

(RECLK)^ *V7> .SL*Hi$W nfl^l Sfrsg ^^sj-Jl, ZL ^Sj-S.^ ifl 

M ^lS(INCLKl)* 

<14> #7l 7]-^ #7l ^-Sf #5} ^13L(EXCLK)» ±^ *)<£*\^ ^ 

^ #3 ^lS(INCLKl)* #^*Vcf. #7l ti^ 5)5.(12)^- #7l vfl-=f #^ 4!3L(INCLK1)« ^ 

vflJjL #^ ^1JKINCLK2)» "^HH, #7l h]3]5|s.(12)^ ^ ^ 

cflolEi #^ S)S(20)# ^*>7l A>-g-^cf. ^-71 Sl#E)7> ^^5]5.(13)^ 3] °1 £-1 (DATA) 

7}- ^7) ClHEi #^5)S.(20)» ^5 #33^1 ^el^ AlTi^; fi^>7l ^«fl # 

7] t-flolEi #^2]5.(20)2]- ^A>tV *1<2* £51-1=. $3-°)^. ^7} S]^e)7V X}<£$\3, 

(13)^ #7l tfl^- ^JL(INCLK2)# *1<3>M^ #7l 7l^ #^ ^ls(RECLK)!- #^^-cf. 

<is> # 7 | 3#7l(14)-b #7] ^ ^JJUEXCLK)^ #71 71$ #^ ^ls(RECLK)^ 

o^Ajvg. ti] MZ}5L , ZL #71 7>^ ^1^515.(11)^ *1 <£ ^1M ^^*Vuf. 

<16> £ 1^ ^-ol ( tiV £ ^ ^2.^ ^l(nl£Al)o) ^- 7 ) djolEi #3 2) jg.(20)£r nflS-Sl 3<>lS. 

-¥-3 c-flolE-KDATA)!- #71 i4l^-#^ ^215(10)3.^ #^5)^ #7l tfl-=f a] 

5l(INCLK2H -§-7l v}^ tiVs.^1 ^ 

cl7> ^7HlA-l j #7l iMt-371- ^1^2|5.(13)^ #71 CllolE^ 5} 5 ( 20 ) » #7l Ofl o} 

EKDATA)7> ^1-^S #33^1 ^ei^ -ft-A}^ *1<2 Al7j-g- ££^- ^#^cf. hb^, 

A o V 7) ClHEi #^2)5.(20)^1^^ *1<2 Al^sf ^^^O.^ *1<2 Al7># ££^- #7l ^ 

#2}7l- ^1^2)^(12)1- ^^Rr 3£r <H3l£ ^1C}. n)-^, #71 ifl-?-#eJ ^2)^(10)5 
ift) #71 iflJf #£| <0J:(INCLK2)^ ^^l^ ol^ofl £ #71 sq^- #^ Aij: 

(EXCLK)ofl ^SHrl-Tfl -^7lsl^l ^ji ^aj. (offset)* 7>^7ll 
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# iH #Xl*l -a^*^ 

^ l&EXI tjfls.^ oj«.o] cflo)Ei M3?S* #X|*1 M-Bj-vfl^ ^ £ ol4. 

<20> £ 2 XH, ^ 2^5.(30)^ ^-El ^^(31)^ #3 5] 5.(32)1- S##t}. #7l S 

a? *Hs| 3-^(32)^ XU tH3J|^-(33)sl- X]2 t^^-(34)-I- i^-ti-cf. <^7HH, #7) XU 
tH^-¥-(33)^f ^-71 X|2 ^3)^(34)^ ^l^jAS 31*3?} *1<2 

5] 5(40)^ XU ^ X|2 H^a)?}- *1<3^(41, 42)1- S.^}J1, $)o]b\ %t$$\3_(50)$r ^ # 
S?S?3.(51)^ #3 =5}o]tH(52)# i^cf. o^HH, ^7l X| l sl#e)7|- *l<?i^-(41)£r #7l 
^ #^41s(5l)s+ ^3.03. ^-^^ *)<3 g-s-s- ^sjji, ^-71 XI 2 tM-tem *1 

£^(42)^ ^-71 #3 c^ol^(52)^ o.S -§-<H*}- *)<3 A]7i# ^^cf. 

<21> -S-71 XI 1 ^-^(33)3}- #7] A2 tH^JfL(34)^ 7>^ Xl^SCE. 1S| 11^-J1)S.^-E-1 # 

^ *!JL(INCLK2)1- ^ ^1Jl(INCLK3 ^ INCLK4)«- #3^r. # 

7] XI 1 ^#^7} *]<S-*f(41)^r #7] ^ #^-tl^(INCLK3)» XI 1 ±^ *m *1<3*H 
-S, A oM XI 2 Bll-ein ^l^-?-(42)fe ^71 XI 1 e)#^7> *l<£^-(41)2l #^ Ajif xi2 ±^ 
*1<3^ 7l§ #^^1^(RECLK)# ^71 ^-E] ^^(31)^ #7] XI 1 tH^^- 

(33)1- X|<X*H tfl^- #^ Aj^(i N CLK2)^ ^131 (duty ratio)-! -ft-*] *1 . 

<22> £ 3a^ S. 2°fl JE*]^ XI 1 #X|*] M-Eftfl^ sl^^olji, £ 3b ^ j£ 2 <Hl £a] 

€ X]2 t^-?-* #X|*| M-Bfvfl^ sl^solcf. 
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0030029761 #^ <y*>: 2004/2/20 

<23> £ 3asq- &°], ^7) ^3)^(33)^ ^ 3] # (61-63 )-§- S^t!^. a, ^7] *fl2 

tHsl^-(34) £ 3b<4 ^-o] H^l-(71~73)-i- 5.^4. 

<24> ^HH, Aj- 7 j afil ^3)^(33)2}- ^71 A]2 ^3^(34)^ ^3-2-3. ^<H*V 3)3.5. T 1 

<25> £ 3b^H, #7] tH^#(71~73) AW°flfe 44^ 7flsflAlE^l-(Cl~C3 ^ C4~C6)<>1 

^1 ^^^Cf. ^7] ?MAlEi#(Cl~C3)^ ^-71 ^(71)^ #^3L» ±^ A] IV *1<£ 
*W #^^>i, ^7l 7ll3iflAlEi-i-(C4~C6)^: ^"71 tH2K72)2] ^ A]^> ^ol 

#3**1. <^7lofl^ ; #7] tH 2] #(71 -73) AVojofl <S^£]^ ?fl3)WEi-I-<>l ^-g-^ofl 
2f ^-71 ^12 ^3] -^(34)0) *l<^m°l S^^cf. 
<26> a o i- 7 ]^. ^-ol^ ^eflofl^ ^3^^5.(30)011 ^-ti]^ ?flsfl^lBl#<Hl £]Sfl ifl^- # 

7fl^AlEi7> ^SH^t Z\JL, ^}7} # ^ *1<£ $-7)*}7) ^«fl ^ ^-g- 

3 7fl3tflA)Eil-(Cl~C6)^ Ifl^- ^JJ>^ *1<£a)2J oj-^ ^ $i=. 

<28> £ 3b^ ^o] ( 4^ 7fl3rflAlE^-i-(Cl-C6)ol Aj.7) *fl 2 ^^-^-(34)^1 

^•7] *)12 *13)»-(34HH ifl-SjL AjJr( INCLK4) cq ^V] 7 } ^ &Cf. =L&[ 

M", ^"71 *fll ^3^(33)^ ?1]2JHE17> ££3*1 ^71 nfl-g-ofl, Aj- 7 ] *fll ^^-(33)3.^ 
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#33^ Lfl-SjL #^ ^1S(INCLK3)^ #7} afl2 ^ «-(34)sL^-Ei iflJf #^ ^IJl 

(INCLK4)2) ^-^til7> ^-^lTfl £]^r ojtq-. 

£ ^^HRr 7l^^ 4^1^-, ^-f- 2-= (common mode)^ ^ z]]^-jr ^a] 

^ *1<335.£1 ^I^aI^ ( # ^ c^v s.^*- 

^ ^ *)--§-] 

#71 ^ Aj^cq tfl-^H 71^ #3 aij:^ ^aj. ^^o) 

"3 t^jslll 5£<>H, ^ sis, el^sl^V *1<£s]sL ( ^ ^IH^S-I- ^wl^m 3* 

AS «^ 5lS^ iflJf #^ AjJrS. ^A]^ B]#^n ^1^S]S^ 

#^ ^^]5>JL A^ ^l^A]^ 7l§ ^IJll- #^*|r^. ^H^S^- 5-1^- # 

^ aJ3:<h1 cflt!: ^-¥- M -ilj:^ ^1 4 e}- ^M^JL-i-a: 

^4 ^. ^Aj-o] ^ ^ a. ^ A]6 \] o^a} ^AjS)^ js^-g- 

*1 0 l«fl^>7l ^^A^ -g- »|}-tgo} H^aj^. ^AH1» 0flA]*|.fe. ^JjL £^ «! S^ofl 7)7fl^ vfl 
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<32> o)s>, 1J"3^ «>^tl: ^*H» ^^.3.*], ^-i- 

^1*1 4 ^l^m #2^-J:^r 

<33> £ 4^ ^ ^-^^1 ^^Aj^oll xt\.^ ^^1% ^^5]S.S+ «V£^1 iHlS-El #*1<31 ^^-tl 

<34> #7) tfl^-#^ 5)5.(100)^ ^ #^ ^l3l(CLK_EX)^ 7l§ 

(CLK_RE)^ ^^1-71- 2) h^o)] e^^" sfrsg -g^* ^r«§^>ZL, ZZ. ^S.*! 

^ #«J ^Jl(CLK_IN)-I- #^tbrf. # 7 1 i^-*f#3 t^s]S.(100)^ DLL SL^r PLL3 ^€ 
^ SJitf. £ 4<M^ # 7 j 1^2)3(100)7)- DLLS. *)]» 

-I-^ ^*}7)3 

<35> £ 4 sf ^-ol ; ^^^^ofl 4^. i4^#e} ^33(100)^ 7>^ *1<33)3 

(110), ^3] SI 5.(120), ^#e)7} *]<£s]3(130) ( ^Hs)3(140) ^ ^#71(150)1- 
4. 

<36> #7] 7>^ *1 £5)3(110)^ ^ #^^1^(CLK_EX)1- 4^ 2] Al^> ^o> ^l^Al^ 

*U ^-f- #§3^]Jl(CLK_IN1)» #3^. ^2)5)3(120)^ ^"71 *fll ifl-f #^J: 

(CLK_IN1)1- ^-^1^ ^2 vflJjt- #§i^ls(CLK_IN2)l- #3^K 

<37> ^-7] ^#^7> *l<£s]3(130)£r ^l2.El 3HEi(DATA)7> Cj] o) E-) # 

333.(200)!- 2-1^3 #33^3] ^B]^ X\&$ M.^}7) 3]^ ^7) #^3) 

3.(200)$}- ^3^r 2)3.0] cf. 
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<38> cflo]E-1 #^$|3.(200)^ ifl-?- #335.(201)2)- #3 = eJ-°luK202)«- S^-^Vcf. # 

7l e)l-e]7l- *1<3 5)5(130)^ *fll sl#s]^V *l<£-¥-(131), A]2 *1<£^(132), 
(133), ^ ^-f-S.^ ^5)5(134)» a^cf. 

<39> # 7 ) A]l ^]^-?-(131)^ ^-71 tfl-^ #^5)5(201)2)- °.5 ^2j*r *1 <£ 

*1?M- ^3*1, 7fl2 elf-e^ *l<3-¥-(132)fe >S-7l #^ JELeH ^(202)2)- ^3 

°S *1<2 g$m #7) A]2 ell-em ^1^-^(132)^ *>-§- ^?15 

^€ ^ 5*4. 

<40> #71 *fll e] #^7-1- ^1^(131)^ <#7) *\)2 ^ a]31(CLK_IN2)1- *fll *1<3 

^o> *\<$A}yq z\]3 ^ <ilJ:(CLK_IN3)» #3*1-^1, ^"71 ^12 el#e|^> *1<S-^(132)^ # 
71 ^13 ^ ^!Jl(CLK_IN3)«- *1]2 *1<2 ^o> x]<£X\?\ #«3th=r. 

#71 ^H3)5(140)fe ^JsL^f&l °J ±.^9] <jm*\3L(v}^))°\] -§-#*H #71 

^SLEL ^^s] 5. (134) ofl 4^°) ^)olA]5t( £ 501 VCTL1-VCTL6 #J1)^: #^tbcf. a^o]] 
A i, #7l ^1^^15.(140)^ ^(fuse) S]S SE^r MRS(mode register set)5 ^€ =r 5^. 
#7l ^ 5152)- #7l MRStt ^2) 7l^o>oflA^ ^-#0) ^ o. ^ oltfl ^. ^ 

^"71 ^l<^5l 5.(140)21 ^# ^ #^l*r -g^ ^^-B- ^^cr. 
<42> A o v 7l ^^515(134)^ ^-71 4^°] ^Hai^#(vCTL1~VCTL6)^1 -g-'iHr^ #7l 

^12 el #5} 7}- *l<S-f (132)5. ^-Ei #^sl^ ^1Jl*C£ 521 VOB ^ V0 %KZL)2l ^ 5LB.2) 
ell^o. 7l.^Al^lcf. olofl cfltr ^ o. £ 5 ^ £ ^-j7^o^ #Afl*l J^^cf. 

<43> #71 <^s(133)^ -S-71 m el#el7> *1«S^(132)S] ^1^*(V0B, V0)^- <§^1*) 
7l§ ^1^(CLKJ?E)# #^tri=r. ^7l 7^ ^1^(CLK_RE)^ ^7] *fl2 ifl^- 
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^JKCLK_IN2)7} 7)<£Q Ai^olcf. o^HH, #71 ^2 (132)2} *1 

^"71 ^-§-5.J= ^£1^(134 HI ^«fl ^-f- S.H2] efl^o) o.^.^) ^ 

<44> # 7 j c^v ^#7) (150)^ ^>7l 7)^ #^ ^Ji(CLICRE)^ ^-71 #^ ^ (CLK_EX) 

o] o^-g. tijiH^l-Jl, H. ^^Hl ^ ^7] 7>£ ^<^^S(110)^ 7-)<£^ 7>^Al^cf. £ 4*11 

*1. ^#^^> 5.(130)7]- -^-71 «S^(133)» S^-*Kr S.^^)^, ^7} <g 

J5L(133)tt #7) ^#71(150)^1 SL^S ^S. 5flt)-. 

<45> ^-7) *fl2 B^l-e)^ ^1^-^(132)2}- ^-7) ^§-3.2= ^^5)^.(134)1- £ 5 5? 3£ 

<46> ^7-1, £ 52I- ^-ol ( ^2 2]t5]7} ^1^-^(132)^ 7i%VS.( R l~ R 3)^ MM0S B^^l^-i- 

(N1-N3)* iMol Dje^ ^*l~b ^ ##7lS =t= SX^. ^7) ^(RD^r 

^^^^(VDD)^ ^1 ic-EL(NODEl) A>olofl <^^£]J1 ( #7] 7-l*j-(R2)^- ^7) *fll ii= (N0DEl)2f 
*ll2 ^H.(N0DE2) *}°}°\] ^^^cf. SE, ^7) *11KR3)£ <%7] *)U ic=(N0DEl)^ A3 
(N0DE3) ^}°H1 

<47> ^"71 NM0S HsH^liE-l(Nl)2l ^Lsflo]^ #7} *fl2 i^(N0DE2H) jl, ii^ 4>7l 

NM0S H^^1^EKN3)2] JEefl<yo)l ^^sjiL, ^olB^l^ *fl3 ^ #^ ^] JL(CLK_IN3)(iE 
4^-Jl)7> >y-7l NM0S H^liEl(N2)2l #7l afl3 lc=(N0DE3H ^^s] ji, 

^^fe- ^"71 NM0S H^1^(N3)2] JE.5H^loll ^^51 Jl, 7flolH^l^ *113 vfl.!jL -yj:2) 
2- ^l3i(CLK_IN3B)7l- ^^^cf. s&7] NM0S S^li^l (N3)2} zief^^ ^«g-ofl 

^^slJl, TflolEoil^ ±?$o) 7}^ ^©KVREFW ^3^. 
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<48> ^7] ^f££ ^^s]S(140)^ afll ^f£H ^^5)5.(141)^ ^2 ^S-EL ^^5)5. 

(142)1- i#$M=h #7) ^11 -^f-S-EL ^^^5.(141)^ #7] ^12 ^^^5.(142)^ A 

zj- NMOS B^^1^E-1#(N4~N6, N7~N9)S *r SU^K 

<49> NMOS B^^l^*(N4~N6)Sl H.£ll<?]§£- -SM afll ^=(N0DE1)^] 

^^#^r #71 ^12 lc<=(N0DE2)°ll ^sU, ^olES-ofl^ z]-z| *1H^} Jl^CVCTLI- 
VCTLSH £E*h <# 7 ] NMOS H^^1^1-(N7~N9)^ =eflo]l:^ <#7) *1]l 2^ 
= (N0DEl)ofl ^^slJi, ^#^r ^71 ^13 ic^(N0DE3)^] ^s^, TflolB^m AA A°\Q 
31#(VCTL4~VCTL6)ol %7\ NMOS H^^]^Ei#(N4~N9)-B- #7} *lH^!J>-i- 
(VCTL1~VCTL6H1 ^*fl ^4 ^ iE^r € _2.H€^h ^7HH ( #7] 4°] ^}JLl-(VCTLl~ 
VCTL6)^r ^]<HS]S.(iE 4^ 140#J1)^1 ^^fl IMN^- ^1^*0]^-. 

<50> £ 50^, s£ 7 ] A]l ^3.^ ^35}3.(141)<4 <$7] A}2 #7$ s\ S.(142)7> AA 

^1 7fl ^ NMOS H^^l^Ei-i-^- 3£^*>^ ^ s ^a)^^^ A o v 7 ] NMOS ^ ^ 

°^V7ll ^ 9J^. 

<5i> >S"7l ^12 *1 £35.(132)^ ^-71 ^3 vflJjL #a) a!Jt(CLK_IN3)<2}- # 7 ) ^3 

AlJLS} #ji ^]J5L(CLK_IN3B)z>^ ^ *>* ^s.a)7)ji, ^-7} 7112 iiJEL (N0DE2)sl- ^7) 
^113 ^=(N0DE3)^ n. #^ ^S#(V0B, VO)^- 
<52> ^yloflA-l, ^7} 4-^21 NMOS H^l^Ell:(N4~N9)°l ^ ^ SE^ ^ ^.H^^ll ^Hf, # 

7l #3 ^l^l-CVOB, V0)^1 fi-E.^1 ^|<y- efl^ol E 6 ofl ^ ^-ol ^^^cf. #71 

^ AlJi-g-CVOB, V0)^1 ^ 2.JE.0) ^ efltgol ^s]^ ^-f-i- 7H ofll- 1-cH # ui 
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<53> ^ ^]2 ^2.= ^^5)^(142)^ ^-7] NMOS H^*l^Eil-(N7~N9)ol 2.-^ 

€ -M°1H, € -2-H£)^- #7] *U ^-f-SH. ^5)5.(141)5} ^-71 NMOS H^^1^BKN4 

~N6)^ ^7> ^7}sq^ ^-f7> Sicf. c] 7^ o.^ #71 *fll 2.2.(N0DE1)^ -#7] *fl2 2.J=(N0DE2) 

*)* &°] ^7>^Cf. 

<54> n. ^-71 #^ ^lS(VOB)^ £. 6°1] 5.^1^ 3^ ^-o] V0B1°1H V0B3^AS ^ 

# 31 'I 0 ) ^V*!^. ^"71 NMOS B^l^Ei!-(N7~N9)^r 3.^- € £r^l ^Eflo|a S> s£ 7 \ 

*fll 2J=(N0DE1)2]- ^7} i^=(N0DE3)*h8r -#7) ^*J-(R3) & ^ *h8- ^ 
^l^cf. zl ^aif, ^-71 #^ 4]JL(V0)Sr £. 6<^1 SL^m ^J^- ^1 Bfl^tS. -B-^l^ 

^. 4^1, #7l #^ ^1^#(V0B, V0)£] -g^-f- 5..EL efl^ ^-7l ^ll i.= (N0DEl)^- # 

7] *fi2 2.£l(N0DE2)#2l 7i%> #ol ^7^ ^ £ 6^- ^o] AA'^BB'^CC'S 

<55> s. 6°fl SL^s]*!^ ^^x)^, #7] *fll ^f-5LJEL ^^2]S(141)^ #7l NMOS 

B^^l^Eil-(N4-N6)ol S.^- ^ ^ ^-Efl^l^ , ^ _2.H3tt #7] *fl2 ^2.^ ^^S. 
(142)^ ^7} NMOS Hs£^l^Ei(N7~N9)^| ^7> ^7>5]^ ^-f7> 5^. o] ^4.^, #7) #^ 
^l^l(V0)7l- 2 6^1 ^7) ^ Al^l-(V0B1-V0B3) ^ ^M 0 } ^V^cf. 

<56> <g^(2. 4^ 133^- JL)7> ^-71 *fl2 e)#e]7> *]<2-*iKl32)^ #3 4}Jl»(V0B, 

V0)* f^l^ 71^ #^ a]s(CLK_RE)» #3 #7) 71^ #^ ^Jl(CLK_RE)£| B}-o)ni^|. 

B7> £7a ^ £ 7b°fl JE^tf. £ 7a #7l ^ ^-fofl^ ^-^^ # 7 1 7l§ #^ 

^IJL(CLOE)^ BfolnJ^EolJi, £ 7b^ ^-71 ^ «i^fl ^-^H #7] 7)& #^ A]s 

(CLK_RE)S] Efolnj^eolcf. 

<57> £ 7ao)l^, 7)^ #^ >JJ:(CLK_RE1)^ 2 6<^1^ ^ ^<y- efl^ol AA'«] #^ 

^^»(V0B1, VOH ^-71 <SH(133)<H1 2)n ^IJlolcf. 7]^ ^1^(CLK_RE2)^ 2 6 
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<HH ^-f- 5.j=4 eflfo) BB'°J -tl5ll-(V0B2, V0)4 #7l <g = (133W 4*1] 

413:44-. SE, 7l§ #4 4]Jl(CLK_RE3)^t £ 6°fl4 ^--f £££] ^o]- CC'4 #3 43 

1-CV0B3, V0)4 #4 <gH(133)°)] 4*fl #3:44. 

47H14, #4 #<3 #3l#(V0B f V0)4 W 2- = 7> 5. 6°fl 5E4€ 34 £0] AA ' -*BB ' 
-CCS. 34 £3^1 451- #4 7l§ #s) #jL#(aOEl~CLKJffi3)4 ^fE)7 r £444. ^ 
, #71 4$ #4 43.(CLK_RE1)4 44 31 HI ^^Hl «1«B #4 7]$ ^15l€-(CLK_RE2~ 
CLK_RE3)4 44 eflig 4 #o>^lcf. ^44 , £. 7a*H| £44 £oj ^7} 7}& 

#3.(CLK_RE2)4 efo]^ ofl 4 (rising edge)7> #7] 7^ a13l(CLK_RE1)£] 4°14 ofl^] ^ 
4 Tl 4<344. #7) 7l§ #sj #3.(CLK_RE3)4 443 °fl4 44 #7l 4§ 
43.(CLK_RE2)4 443 °fl4 Ji4 T2 4^ 4<S€4. 

£ 7b°ll4 #7] #^ #JL#(V0B, V0)4 ^-f- S.-E.7} *£3^<H1 144 ^- 7 ] 4^ # 
3 43:l:(CLKJftl~-CLK_RE3)4 ^r44 £4€4. #4 4§ #^ #3l1-(CLK_RE2--- 
CLK_RE3)4 44 efl»§ #4 7)^ 43l(CLK_RE1)4 44 31 IS J±4 4 ^44 

4. 444, #4 4§ #4 43.(CLK_RE2)4 443 °fl47> #4 7l$ 43.(clkj?ei)4 
443 °fl4 Ji4 Tl 4^- &44 44. a, #4 4^ W 43.(CLK_RE3)4 443 ^147> 
#4 4$ 43.(CLOE2)4 443 °H4 14 T2 4^ ^4^1 44. 

4?H14, 44 4 #4(51 44 150%- jl)^- 4^ #3 43.(CLOX)4 #4 4§ 4 

3l(CLK_RE)4 443 °114 Stt #^ ofl4 (falling edge)4°-5. 444» ^MES. #7) 4 
§ #4 43(CLK_RE)£l ^-4 44<^ °J^* ^>4 &-b4. 
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<61> ^ t i^Aj- ^#71(150)^ ^ ^d\] o^gfl ^-ol^l 6\]x] 7 } *}<£Q #71 7}& 

^}J> (CLK_RE)2l- #e} ^1^(CLK_EX)^ ^^># wlJE^^i, zl ^-BMl 4^ 7 }>£ *l<£5l5. 
C£ 4^1 110#JL)^ ^l<g^ S^^Tfl ^cf. 
<62> #7l^ ^€ wV^ofl it}-^ i_fl«- 3)^0) ^^-o. £ 4 ^ 

<63> ^ ^^71(150)^ ^ Al^(CLK_EX)^- 7l§ #^ ^l^(CLICRE)^ ^#^- 

ttlJl^>Jl, ZL ^3]-<H] tCfe|- 7>^ ^1^S1S.(110)^ ^1^^^- S^tbCf. #71 7>l£ *l<£5l5.(110) 
^ ^-71 <W ^]JKCLK_EX)» 7.]^ A]7i ^OV ^l^A]^ *f|l iflJf #^JL 

(CLK.INDl- 

<64> tHs] 5)5(120)^ ^"71 ^11 vfl«- #^ ^!Jl(CLK_INl)» *\)2 i-H-T- #3 -t!3L 

(CLK_IN2)1- *l<£s}iiL(130)^ #7} 7)12 ^ #3 ^1^(CLK_IN2)1- ^ 

^°J: *1<3^ ^7l 7)^ ^1JL(CLK_RE)1- #3?^. 

<65> <^7)o)}*], #7) *1<2 3) 5.(130)^ ^£e] 5Io^«.Ei C-fl o] E-DATA) 7> 

dlojE-l #^5)5.(200)1- -f-^H ^-¥-3. #^£^1 ^e]^ aItJ- -g-oV #71 ^12 tfl^- #^ ^1 
S(CLK_IN2)1- *l<£^mt4. # 3 ^Ml*l ^^*>^, #7) 7l<£ 5)^(130)^ 

sl-t^l- ^1^^-(131)7> #7l ^2 #^ Als(CLK_IN2)» ^1 ^o]- ^fl 

3 ^ M ^1J1(CLK_IN3)1- a, ^-7] El#ej7> 7l<35)3.(130)£l t)12 el^s]?} 7,1 

^(132)71- #71 7113 A]^( C LK_IN3)1- ^2 ^1^ ^tJ; ^o> ^}<^X\^. ^7) 

Bl^V ^1^515.(130)^1 o»H(133)^ #7] 7)12 2ltE]?l- *l<3-?-(132)£] f^jjf 7} 

^ #^ a]5l(clk_re)i- 
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<66> ^-7) cl)o)Ei #^35.(200)^7 <#7) cflolEi(DATA)* ^4!*K2, ^2 ^ W:^ 

(CLK_IN2)°fl ^7j*H <#7) cflo] (DATA)-i- #3^4. 

<67> $3g § ^.7] tflJf Ajjr (CLK _ IN3 )ofl cfltb fl-y- -S-H^ S^*>7] *)H33 

(140)7> 4^r^ ^W^IM-fr #^*Vcf. oji- ^ cl ^4*1 ^^*>^, #7] ^11^2)5.(140)^ 
^-71 xfl^f #3 ^1^(CLK_IN3)7> *1£3<H<>) ^ 3 o., zl ^9j^ofl ttJ-E]- *1M^]Jl1: 
(VCTL1-VCTL3) ^ HItt f- 3 o^a) ^cf. 

<68> aj-71 *j| <H ^ VCTL1 ~ VCTL3H1 -§-^*H #7] afll §f££ £333.(141)^1 

NM0S B3M^el#(N4~N6) # ^ 2.^-7} ^ ^H^t}. #7l NM0S H^^1^B]#(N4~ 

N6)°l € 4*9- afll ^=(N0DEl)Sf ^7l ^12 ic=(N0DE2)^ 7i*J- #7>s1^L, <$■ 

71 *fl2 ^#el^> *1 £^(132)31 #^ *J-£#(V0B, V0)^ ^-f- ^Hfio] yM-^t].. 

<69> ol -f, ^£(133)7} aj-71 #^ ^«(V0B, V0)# ^Al^ s-f eflig ^#6« tilsfl *>o] 

31 'S ^?i 0 l #tfl3o.3. ^# ^ 7]^ sgj ^ls(CLK_RE)» #7] ^ 3 

#71(150)^ <#7) 7l§ ^15KCLK_RE)2f AJ-71 ^ls(CLK_EX)sl fl#.g. alJS^JL, 

=L ^t^Hl #7} 7>^ ^1£5|S(110)S1 7>£^=# S^tlrCf. AJ.7I ^3 5.(100) 

c?o> Aj-71 ^|2 vflJjL #a} 4}Jl(CLK_IN2)£1 ifltf-g: st^o> sHfr 3-?-, >3-7l ^flol^s. 

(140)fe ^H^JL#(VCTL4~VCTL6) ^ ^M- £E^ f- ^MH^-a] cf. Aj- 7 ] 

(VCTL4~VCTL6)^1 -g^^H #7l ^12 WSJ= £335.(142)^ ^7} NM0S H^l^Ei*(N7~ 
N9) # SE^r 5.-^7} ^ 
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#71 NMOS S^*l^Ell-(N7~-N9)°l ^ _£H=H1 uj-ej- ^- 7 ) *m * *H3 ^^-^(NODEl, 
N0DE3)^ &°1 #7}^ Jl, ^-71 7112 *l<3-?-(132)2] ^ -i]JLl-(V0B, VO)^ ^ 

*I<y- efl^o] ^o}^, o] ^, «SS(l33)7l- #7l #3 4!Jl#(V0B, VO)^- f^l?l 3. 
-f 31t ^Hl a)*fl ^°1 eflt ^?J-°1 ^Vcfl^^s. 7j ^# ^ 7l§ #^ ^1^(CLK_RE)» 

^■71 ^#71(150)^ -S-71 7l§ #^ ^IJUCLOE)^ ^71 sq^ #^ ^lJl(CLK_EX) 

si ^* alin^Ji, n. ^4^1 ^ ^71 7>^ *l<£s|5L(110)£l 7}^4r S^W. ^-71 vfl 
J^aj ^-^5)5.(100)^ **l"8: *1l*r*9^K 

£ 4 £. 7b°fl^1^ #7] NMOS H^*l^Ei*(N4~N6)°l S^- ^ -&^} #Efl<HH 

€ °fl» ^^^V^^l^, «>cfl5. #7l NMOS H^^]^Eil:(N4-N6)ol 5.-^ 

^ ^.H^l -tf^HH ^ ^€ 5Ui=K °1 *fl, ^71 ^11 i^E.(N0DEl)3l- ^7] ^2 ^-B(N0DE2) 

*\-% ti^r #^s\5l, ^7l ^112 ^l-el7f ^^-^-(132)51 #3 4]JL#(V0B, V0)^1 ^-§- £ 
= efl^ =l S. 7b^l S.^l€ £°1, 3-^ ellt *M *M 

efl^ ^?_>ol ^-cfl^ 0.^. 7J ^-El* ^ a1^(CLK_RE)7> #7l <>« a (133) 5.-^1 ^ 

S 4 vfl^l £ 7t>olHTr <$7) NMOS H^^l^E-ll-(N7~N9)ol 3.^- € ^ #3H*1 
^ .2.^51^ °il# 1^*1-3*1 <£, &^3- ^7] NMOS H^^l^Eil-(N7~N9)ol 

2.^- € -*NH*1 € ^£ 51^. °1 ufl, ^-71 Till 2n^(N0DEl)£l- #7] ^3 

(N0DE3)#2l ^ ^-71 7112 51 #51?}- *l<£-*f( 132)3] #3 4]JL-I-(V0B, V0)^ 

^■f- JZJE. Efl^ ^0}^. zl ^jj}-, £ 7a°ll £^1^ ^jif ^-ol, 5.-0 ^l^] 
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z>}o] e)l^ ^^Vo] ^-cfl^ o.s. ^ Tf-Bl* ^ 7]§ ^S(CLK_RE)7> #7l <g = (133)S.Jf 

<75> ^-7) t> 34 ^ vfl*. ^vxj} 5]^^ ^J* a]s^ <^ ^.H^I* 

^#e)7l- *1<333°1M Ji^-JE.^., t^S^oH ^fljrflAlEil- Af-g-^- ^JS.7> 

<76> M. Mj-t^ .£^1 ^Al^l- ^-JIS. ^^A^H" O]^ aflA^O] ^ofl 1-2]-^, 

£ 7l# ^-o>^ l-^o] 7 >^1 olS.«.Ei ^ ^ ^.-^V ^ ^Al^7> 7>^ 

3* 4^1, ^ 7l#^ «^^r ^€ ^S^T 2 "^ 

JL-Bf] 

^ T 91^ 147} $14. 
<78> £ xflJfL #^ ^ ^#&)7V ^1^S15.<H1^ vflJf- #3 Ajjro] 

^Aj- Ji^o^ »^i|3ofl 7 fl3flAlBll- A}~g-^- %£L7\ $t)-. 

<79> ££*!-, ^ Mj-Tgo} ^jjL S g} sl^ofl o]^, iflJf Aljro} o^*. tg- 7 ] 
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^ #3 ^# ^#*>ji, #71 ^ #jlsi ^#4 xfl^-oflAi ^3 #3 

#3 #3*Rr ^-¥-#3 ^^j^ofl 

#7l iflJf #^ ^S>J1 ^ Al^> x]c^A]^ 7)^ M # 

#7l sl-f- #^ ^15l<H1 tfl# #7l ufl-?- #^ AISS] ^. = ^1 efofl rcj-e}- 711 

<H #3*Hr ^Wl^ZL, 

#71 El#el^ ^l^sls^ #71 -g-^M #71 7l§ AljM 

S-f i« ^*H| Cflt!" *W efl^ ^-^VO] ^TjAl^ ^ O.S. S>*T 

^ 5]JL. 

[$^MJ- 2] 

*HHH &<>H, #71 sll-em ^ojfls.^, 

#71 ^Y- #3 aijh- xi<g Ai^v ^ov *)<£a}^ s]#el^> *i 

*1<3€ #7l AlJi-I- 7^12 *1<£ Al^V ^o_V *1<£a1^ ±^ Bll^^ ^ J2. 

^# ^ #3 #s»# #^*Kr 7)12 s]#sin *1<3^-; 
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*1*T ^71 7}& #3*Rr °jHt ^-Wl^ 3* ^£-5. vfl-SjL <M s] 

3] 

^•71 #<3 ^Itf ^ll #^ *112 #^ ^]JL» 5L^-JI, 

#7) ^f-S.£l £33^r, 

^■71 4^ *iM A Jit ^ ^l^^l^l-^ -g-^H *i]i #3 ^IJ:^ 5ii 

H-g- <£SW^ ^-71 ^ 2.1=9) efl^ ^^Al7l^ »U ^-§-S.J= £^3^; ^ 

^7l *1H # *fl2 *lM^lJ>^<Hl -§-#*H ^"71 *fl2 #^ ^IJl^ 511 

^o. tg^]^ ^-71 ^--f- S.J=<^ ^ ^-g- £^*1 71^ *fl2 ^5.= £335.# ^ti]^ 

3-8: f^S ^ #^ ^ sl S . 
4] 

*)13*<H1 &°H. 

^"71 *fl2 Bl#B^7> *l<£-ifMfr ^1 *lll 7^J-iq. *fl2 X-K^l- ^1^- 

^7l ^111 ^-f-S-EL ^^S^r #7] ^11 7i%Vo) o^ofl z}-Z}- ^5flol2|- d^7> ^S^, 
7flol;e°ll ^V 7 1 ^! ^o^Jr^o] o^S]^ ^9) 41 NM0S BSE^l^l-^- i^>JL, 
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^<LsL *}±r vfl-f #3 
[^*J- 5] 

#7] ^ 2 NMOS H^^l^Bil-^- ^-71 afl2 ^1<H^1«°1 SHM-M ofl <2 

-8-71 71 § 31 ^Tj-ofl cfl^v *}ol eflig ^tJ-o} u]^, ^ ^i)^ # 

71 afll NMOS H^l^&N ^7}^_ ^ &7}$jL, ^ ^sl^ ^-71 ^2 NMOS H^l^o} 

^7} ^7>^ ^ #4iS]if ^ *>fe #3 ^ ^IS.. 

6] 

*fl5*<H $X°]^, <#7] vfl-?- #^ 2)5.^, ^7) 7l§ s>o] efli§ ^7j-o] 

Wl^r°l *ll 3K>°1 *l<£;g ^-71 vfl-*f Ajit #^*>J1 ( ^-7] 71^ AlS^ 

°1 ^?J:^ Wl^o] ^ 7 >« nfl ^^-ol oj^^l ^71 tfl-^ #3*Rr ^J* ^ 

^ ^ ^ 

7] 

^1^1 5tM*l, ^71 ^^51^, 

SLE1 efl^)>iEi ^ # ^M"^ ^^<L3, vflY #^ f<§ 
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8] 

*Hl*J-<Hl 9X°]*], #7j iflJf #^ tf^ 35Ur, 

^ ^-71 ^-H SE^ ^71 ^ <H2=. sj- u|o] 3^ ^ o. s ^fe ^« f gj i£ 
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